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Hocnidxwceno pizni cmaoii o6podxu 60J10K0H
KOHONeNb Y Npoueci 00epHcants MiKpoOKpUCmaiin-
Hoi yearono3u. Busnaueno onmumanvii ymoeu npo-
8e0eHHsL WYIHCHOL eKCmpaxuyii 60J0KOH KOHONelb,
0P2aHOCOIbBEHMHO20 BAPIHH, XeIAMYBAHHS 1 210~
ponizy uearonozu. Bcmanoeneno, wo nposedenns
exazanux cmaoiii 06podKU 3a ONMUMANLHUX 3HA-
Yenb MeXHON0ZIMHUX napamempie npu3eoouns 00
OMPUMAHHA MIKPOKPUCMANTMHOT UeI10103U, AKA 3a
8Micmom cyavpamuoi 302U i cmynenem noimepu-
3auii eionosioae sumozam cmanoapmy

Kntouosi cnosa: mikpoxpucmaniuna yearonosa,
6OJIOKHO KOHONEIb, eKCMPAKUis, 2i0ponis, penmee-
Hiécvka oudpaxuyin, mepmozpasimempurnuii ananiz

= yu

Hccnedosanvt pasauunvie cmaduu oopadomxu
80JI0KOH KOHONAU 6 Mpouecce NOAYHUEeHUs MUKDO-
KPUCMANIUMECKOU Ueaniono3vl. Onpedenennt
ONMUMANbHBIE YCAOBUSL NPOBEOCHUS WETIOUHOU
IKCMPpaKyuu 60J0K0H KOHONIU, OP2AHOCOTbEEHN-
HOU 8aPKU, XeJAMUPOBAHUA U 2UOPOSUIA UEILTIIOTLO-
3vl. Yemanosneno, umo npoeedenue YKa3amHoLX
cmaouil 00pabomxu npu ONMUMANLHLIX 3HAUEHU-
AX MEXHON0ZUMEeCKUX napamempos npueooum K
NONYHUEHUID MUKPOKPUCTMALIULECKOU UeSNI0N03bl,
Komopas no coodepicanuro cyrvhamnoii 306t u
cmenenvo NOAUMEPUIAUUL COOMEEMCmeyem mpe-
o0oeanusam cmanoapma

Kmouesvte crosa: muxpoxkpucmaniuueckas ueu-
1101034, 60JI0KHO KOHONJU, IKCMPAKUUSL, 2UOPOTU3,
penmeenosckas ouppaxyus, mepmozpasumempurie-
cKuil ananus
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1. Introduction

The number of studies of new promising materials
based on natural polymers has increased significantly
lately, in particular cellulose, which is related to economic
and ecological necessity of replacing natural exhaustible
sources of carbohydrates (oil, coal) to renewable plant raw
materials. Due to its valuable properties, cellulose suc-
cessfully finds its application not only in paper industry
but in other industrial areas, such as chemical, food, phar-
maceutical, cosmetic. One of the most promising products
of cellulose chemical processing is the microcrystalline
cellulose (MCC), which has high content of the ordered
part of cellulose with crystallographic orientation of the
macromolecules [1, 2], the maximum degree of crystallin-
ity, high density and specific surface [3].

MCC is characterized by chemical resistance, insolu-
bility in water and organic solvents, absence of taste, smell and
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color that allow using it as a filler, stabilizer and emulsifier in
food processing, cosmetic and pharmaceutical industries [4].

The main raw material for obtaining microcrystalline
cellulose remains high-quality cellulose produced from
wood and cotton. The countries that have no available
stocks of wood and cotton as the resources of fibers for ob-
taining MCC, can consider non-wood plant raw materials,
such as bast plants, which have more homogeneous long
cells, such as fibers of flax, hemp, kenaf [5].

One of the most profitable crops among those plants
in Ukraine remains hemp. Favorable weather conditions, a
large reserve of fertile lands, existing human and industri-
al potential promote the cultivation of hemp in Ukraine.
Taking into account that a hectare of hemp produces the
weight gain of 6 m? per year, while deciduous trees do only
up to 3.2 m3, the change of wood to hemp during the pro-
cessing of cellulose is considered advisable economically
and ecologically as well [6].




2. Analysis of scientific literature and the problem statement

There are different methods of MCC obtaining to pro-
vide a required complex of its properties, such as mechanical
(grinding), thermo-mechanical, chemical (hydrolysis), pre-
cipitation the cellulose from the solution in a powder form [7].
The majority of methods of MCC obtaining in the industry
are based on the effect of different chemical reagents on the
prepared beforehand plant raw materials that provide the
transfer of the bulk of lignin, hemicelluloses, extractive and
mineral substances to the solution. Cellulose indexes obtained
as a result of chemical treatment, depend on the quantity
and sequence of stages of MCC obtaining, the values of their
technological parameters, the type of plant raw materials and
chemical reagents used in the process of its manufacturing.
The majority of existing industrial chemical methods of MCC
obtaining are characterized by pollution of the environment,
associated with the use of environmentally harmful chemi-
cals, including sulfuric and chlorine-containing reagents [8].

In industrial conditions, MCC is obtained mostly by
the chemical method, particularly by hydrolysis of technical
cellulose with solutions of various chemicals (acids, alkalis,
salts, acidic peroxide) that can destroy the structure of the
cell's wall [4, 9]. During such a processing, the partial de-
struction of lignin and hemicelluloses occurs, as well as the
partial destruction of the cellulose macromolecules with the
removal of the amorphous fraction, which helps to increase
specific surface and sorption properties of MCC relative to
the original raw material [7].

The classic method to obtain MCC is considered to be in
the form of white powder with the help of hydrolysis of natural
or technical cellulose with 2.5 n. hydrochloric acid at 105 °C
to form cellulose with a degree of polymerization [10].

To reduce the ecological load on the environment, in
recent years organic solvent methods of obtaining cellulose
have been actively developed, in particular using the solu-
tions of hydrogen peroxide and acetic acid [11]. The known
method of obtaining cellulose of low-ash raw materials
(straw and rice husks), which includes preliminary alkali
extraction with further oxidative organosolv cooking by the
solution of peracetic and acetic acids and hydrogen peroxide
in various ratios [12].

In earlier papers [13—15], the influence of preliminary
alkaline and acid processing of flax and hemp fibers on cellu-
lose indexes was studied and it was shown that the increased
content of mineral substances in fibers of non-wood plant
raw materials, compared to wood raw materials, creates
the necessity to carry out additional stages of processing to
reduce the ash content in MCC to the level of the standard
requirements. However, the designed technological modes
require further study of the conditions of various stages of
hemp fibers treatment and determining optimal technolog-
ical parameters of obtaining microcrystalline cellulose [16].

3. The purpose and objectives of the study

The aim of this work is to develop technology obtaining
of microcrystalline cellulose from fibers of the hemp, which
is suitable for use in the pharmaceutical industry.

To achieve the specified goal, the following tasks are set:

— to study the influence of the main technological pa-
rameters (concentration of reagents, temperature, duration)

of various stages of the hemp fibres treatment on the indexes
of quality of the obtained pulps;

— to analyze the changes of structural characteristics of
pulps from hemp fibers by physical and chemical methods of
research.

4. Materials and methods of the research of the process of
obtaining microcrystalline cellulose from hemp fibers

To obtain microcrystalline cellulose, in this paper we stud-
ied the hemp fibers of the 2012 crop from Chernigov Region
(Ukraine), which had the following chemical composition:
cellulose — 46.2 %; lignin — 17.0 %; resins, fats, waxes — 1.4 %;
pentosans — 20.2 %; ash — 1.44 %; sulfate ash — 1.63 % to the
weight of absolutely dry raw material (a. d. m.).

Fibers of hemp were separated from impurities (scutch,
leaves, grass), ground to the size of 3...5 mm and stored in exica-
tors to maintain constant humidity and chemical composition.
The volume of scutch in the fibers of hemp did not exceed 5 %.

To reduce the content of mineral substances, we carried
out preliminary extraction of the ground fibers of hemp with
KOH solutions of different concentrations. To do this, the
samples of ground fibers were placed in the heat-resistant
conic flasks, added with a solution of required concentration
and the flasks were connected with reverse refrigerators. To
provide the process temperature of 95+2 °C, the flasks were
installed on the water bath. Alkali extraction was carried
out during 30...240 min, concentration of KOH solution
was 3, 5 and 7 % and liquid-to-solid ratio 10:1. After the end
of the processing, pulp was rinsed with distilled water to
neutral pH, dried in the open air and the quality indexes of
the pulp were identified according to standard methods [16].

On the second stage of hemp pulp treatment, we carried
out the cooking process of of hemp pulp in a mixture of
formic acid and H,05 in the ratio 40:60, 50:50 and 60:40
of volume % at liquid-to-solid ratio 10:1, at temperature of
100 °C during 60 ...210 min. The cooking process was car-
ried out in a heat-resistant conic flasks installed on asbestos
grids and connected with reverse refrigerators. After the end
of the cooking, the cellulose was rinsed with distilled water
to a neutral reaction, dried in the open air and the quality
indexes of the pulp were identified.

Chelation of obtained cellulose was carried out with a solu-
tion of trilon B with concentration 10 g/I with consumption of
10 % to the weight of a. d. m. during 30 min. under conditions
that are taken on the basis of the previous research [15].

To reduce the residual content of mineral substances
and the degree of polymerization of hemp MCC, hydrolysis
by the solution of CH,COOH and H,O, in the ratio 50:50
during 90, 120 and 150 min. at liquid-to-solid ratio 10:1
and temperature of 95+2 °C was performed. The process of
hydrolysis was carried out in the heat-resistant conic flasks
installed on the asbestos grids and connected with reverse
refrigerators. After completion of hydrolysis, MCC was
rinsed with distilled water to a neutral reaction, dried in the
open air and the quality indexes of the pulp were identified
according to standard methods [16].

Analysis of the change of structural characteristics of hemp
MCC, depending on the stage of their treatment in the process
of MCC obtaining, was investigated using scanning electronic
microscopy on REM-106 (SELMI, Ukraine) and X-ray struc-
tural analysis on the diffractometer Ultima IV (Rigaku, Japan).



The degree of crystallinity (DC) of samples was defined
by the fomula [17]:

CK =1L 109

200

where Iy is the reflex intensity (200) around 23 degrees;
L. is the scattered intensity of amorphous phase around
18,5 degrees.

The resistance of obtained MCC to thermal destruction,
compared with hemp cellulose, was studied by the thermo-
gravimetric analysis on the thermoanalyser Netzsch STA-409.

M

5. Physical and chemical studies of the changes in
structural characteristics of hemp pulp

The results of the extraction of hemp fibers by solutions
of KOH of different concentrations to reduce the content of
mineral substances are presented in Fig. 1.
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of duration of the extraction compared to the original plant
raw material. It can be explained by the fact that during this
stage, mineral substances contained in the fiber are transferred
to the solution. Besides, there is a partial removal of hemicellu-
loses as a result of hydrolysis of low molecular weight fractions
of the cellulose. Therefore, to carried out the next stages of
treatment, hemp pulp was used after treatment it with a solu-
tion of KOH of concentration 5 % during 210 min.

In order to reduce the content of lignin and mineral sub-
stances on the second stage, the process of cooking cellulose by
the solution of performic acid was carried out (Table 1). As it is
seen from the data in Table 1, the increase the cooking duration
by the solution of performic acid reduces the content of ash and
sulfate ash in the hemp cellulose. Reducing the of yield of hemp
pulp is caused by the destruction of carbohydrate part and by
the transition of lignin, extractive substances, ash and low mo-
lecular carbohydrate compounds to the solution. There is also a
sharp change of the coloring of hemp fiber from brown to white.

Table 1
Indexes of hemp cellulose after cooking in performic acid

HCOOHZHQOQy
% volume

Ratio Yield of
pulp,

% of a.d.m.

Duration
of cooking,
min

Ash content,
% of a.d.m.

Sulfate ash,
% of a.d.m.

Ash content, %

60 80,98
90 75,83
150 73,33
180 72,10
210 70,75

0,44
0,35
0,31
0,25
0,22

0,50
0,37
0,34
0,29
0,27

50:50

150 73,85
210 71,25

0,29
0,24

0,35
0,29

40:60
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Fig. 1. Dependence of quality indexes of the hemp pulp on
the concentration of KOH: a — ash content, %; b — sulfate
ash, %; ¢ — KOH of concentration 3%; m — KOH of
concentration 5 %; A — KOH of concentration 7 %

As it is seen from the data shown in Fig. 1, the reduction
of ash and sulfated ash in hemp pulp occurs with the increase

This is due to the fact that performic acid not only destroys
a lignin molecule, acting on the aromatic rings of its molecules,
but causes destruction of hromoformic groups. In this case, as
it is seen by the values of cellulose yield, the destructive effect
of performic acid to the carbohydrate part is insignificant,
because the ions of hydronium H3O™, which are formed in the
solution, practically do not interact with hydroxyl groups of
polysaccharides.

As it is seen from the data in Table 1, minimal residual
content of mineral substances in the hemp cellulose is obtained
under conditions of cooking by the solution of formic acid and
hydrogen peroxide in the ratio of 60:40 during 210 minutes.
The considered organosolv cooking is environmentally more
friendly in comparison to traditional sulphate or sulphite meth-
ods of obtaining cellulose, because harmful emissions of sul-
furic and chlorine-containing compounds are absent [18, 19].

The cellulose, obtained under such conditions, was used
on the next stage — chelation treatment with trilon B solution.
Due to the formation of complexes of trilon B [20] with most
of the cations of metals that are included into organic solvent
cellulose, the residual content of mineral substances is reduced,
which is important for further use of MCC in the pharmaceuti-
cal industry. Chelation treatment of organosolv hemp cellulose
allows obtaining cellulose with the ash content of 0.15 % and
the content of sulfated ash of 0.21 % that indicates the need to
further reduce the content of mineral substances in cellulose.



In order to reduce the residual content of mineral substanc-
es and the degree of polymerization of hemp MCC, the hydroly-
sis of cellulose was carried out with the solution of CH3COOH
and H,O,, the results of which are included in Table 2.

fact is also confirmed by the data of the thermogravimetric
analysis of cellulose and microcrystalline cellulose (Fig. 4).

As it is seen from the thermal gravimetric curves
shown in Fig. 4, microcrystalline cellulose loses
weight by 5-25 % less than the hemp cellulose after

Table 2 . L
) cooking and chelation in the temperature range be-
Indexes of hemp MCC after hydrolysis tween 200—300 °C. This indicates that the CMC has
No.of | ngtmh o Iéydro}yms Ash con- | Sulfate Delgree of | higher thermal stal?lllty in comparison V\.flth. the hemp
sample Hao H:H,0,, | duration, tent, % | ash, % | POlymer- cellulose after cooking and chelation, which is subject-
% volume min 1zation ed to heat destruction much faster due to the presence
1 120 0,13 0,19 210 of less resistant to the temperature amorphous part.
2 150 0,09 0,15 180
50:50
3 180 0,07 0,12 150
4 210 0,07 0,12 115
5 120 0,12 0,17 160
6 150 0,08 0,13 130
70:30
180 0,06 0,11 100
8 210 0,05 0,10 80

20.00kV

According to the results of the hydrolysis (Table 2), we see
that the processing of the fibers with a solution of CH;COOH
and H,O, causes further reduction of ash content and sulfated
ash, as well as the degree of polymerization and yield of the
hemp MCC. As it is seen from the data in Table 2, a consistent
implementation of various stages of the hemp fiber treatment al-
lows obtaining hemp MCC (sample 8), which complies with the
European standard by its physical appearance, pH of aqueous
extracts, the degree of polymerization and the ash content [16].

6. Physical and chemical analysis of structural changes of
the hemp pulp

The change of structural characteristics of the hemp
pulp depending on their stage of treatment in the process
of obtaining MCC could be followed on the photo of the
samples received by scanning microscopy (Fig. 2). As it is
seen from Fig. 2, a significant reduction of the length of
hemp fibers is observed in the process of converting cellu-
losic fibers, especially as a result of the process of hydro-
lysis. MCC fibers, obtained by the proposed technology,
have the length within 30...100 microns.

Confirmation of changes of the crystal structure that
occur at various stages of processing hemp fibres is ob-
tained by the X-ray structural analysis of diffractogram
of natural hemp fibers, pulp after alkaline extraction,
cooking and hydrolysis shown in Fig. 3.

As it is seen from Fig. 3, a consistent chemical treat-
ment of hemp fibers by the proposed technology leads to
the increase of crystallinity, the increase in the intensity
of the peak about 23 degrees. Calculated values of the
degree of crystallinity of the studied samples had the fol-
lowing values: 77.1 % — in the fibers of hemp, 84.8 % — in
MCC after alkaline extraction, 87.7 % — in cellulose after : T o
cooking and 88.7 % — in MCC after hydrolysis.

The obtained data confirm the fact that the increase d

20.00kV_ x250

of content of crystalline part of cellulose occurs during a
consistent multistage chemical treatment by removal of
extractive and mineral substances, hemicelluloses and amor-
phous part of cellulose from the plant raw materials. This

Fig. 2. Photos of SEM samples: a — original hemp fibers;
b — fibers after the extraction with a solution of KOH;
¢ — cellulose after cooking by performic acid;

d— MCC after hydrolysis
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Fig. 3. X-ray structural difractograms of hemp fibers samples
(1), pulp after alkaline extraction (2), after cooking (3) and
MCC after hydrolysis (4)
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Fig. 4. Results of thermal gravimetric analysis of the hemp
cellulose after cooking and chelation (m) and MCC after
hydrolysis (e)

7. Conclusions

1. The influence of the main technological param-
eters of various stages of treatment hemp fibres on
the indicators of the quality of the obtained pulps was
studied. It was found that increasing the concentration
of the solution of potassium hydroxide and the duration
of the stage of alkaline extraction significantly reduces
the content of mineral substances in the fibers of hemp.
It was shown that the increase in the content of formic
acid in the composition of cooking solution contributes
to further reduction of mineral substances in cellulose
as well as performing the stage of chelation with the
solution of trilon B. It was determined that the increase
of acetic acid in the mixture on the stage of hydrolysis al-
lows obtaining MCC from hemp fibers, which meets the
requirements of international standards. The proposed
technology of obtaining microcrystalline cellulose from
hemp fibers using organic substances does not contain
harmful sulfuric and chlorine-containing compounds
and therefore is environmentally more friendly.

2. The changes of structural characteristics of pulp
from hemp fibers with the use of scanning electronic mi-
croscopy, thermographic and X-ray structural analyses
were explored.

3.1t was found that in the process of consistent
treatment of hemp fibers by the proposed stages: alkaline
extraction — performic cooking — chelation — hydro-
lysis, the reduction of length of the fibers of cellulose
to microsizes (up to 30—100 microns) occurs as well as
the gradual removal of amorphous fraction of cellulose,
which increases the degree of crystallinity from 77.1 %
to 88.7 % and increases the thermal stability of the ob-
tained microcrystalline cellulose by 5-25 %.
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